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Fabrication of pencil-sketched graphite electrodes

Effect of electrolyte concentration
The thickness of electrical double layer (EDL) is known to vary with the concentration of electrolyte solution 1, 2 . Therefore, we investigate the effect of electrolyte concentration to explore the effect of EDL on induced streaming potential on the 'paperand-pencil'-based platforms.
The induced potential for 10mM and 100mM KCl solution is ~ -25mV and ~ -5mV respectively. Thus the induced streaming potential for 10mM and 100mM KCl solution is 4 times and 20 times less than as compared to 1mM KCl solution (~ -100mV) respectively. Hence, we chose 1mM KCl as the working electrolyte for our experimentations. 
Streaming potential measurement in different channels
Streaming potential (with reverse electrode connection)
In this experiment, the high end of nano-voltmeter probe is connected to the inlet reservoir pad and the low end is connected to outlet reservoir pad. 
Theoretical calculation
In order to build an analytical framework for flows through a complex porous geometrical structure, such as a paper-based channel, here we make some assumptions to simplify the theoretical formalism without sacrificing the underlying physical mechanism of the investigated phenomena. We assume that the porous structure of the paper is constructed of numerous microcapillaries that are cylindrical in shape having radii R . These capillaries are further assumed to be arranged in parallel. An EDL gets spontaneously developed at the walls of these micro-porous capillaries having a ζ-potential value of ψ 0 .
To obtain the EDL potential distribution (ψ) across a single such channel, we appeal to the Poisson-Boltzmann equation that reads 
Here, e is the protonic charge, z is the ionic valence (we consider z:z symmetry electrolyte for the analysis), n  is the number densities of cations and anions. The number densities are classically expressed through Boltzmann distribution as:
where 0 n is the bulk concentration, B k is the Boltzmann constant, T denotes the temperature and 0 r   is permittivity of the medium. For low ζ-potential, typical for such paper-electrolyte systems, we employ Debye-Hückel linearization that recasts Eq. 1 as
Here,   
where 0 I refers to the modified Bessel function of first kind of zero order. Now, the electrolyte is transported through the micro-capillary due to a pressure gradient induced by the capillary action of the porous medium. Due to this transport, the total ionic current through a single capillary is given as:
where, u  is the velocity of cations and anions, respectively, that may be expressed as: 

  where hs r is the radius of ionic hydration shell. In Eq. 6, the suffices str, cond and EOF denote the streaming, conduction and electroosmotic contributions to the velocity field. Assuming a fully developed flow through a cylindrical capillary, these velocity field contributions read:
where.
  / 2 / dp dx RL    is the pressure gradient intrinsic to each channel because of capillary effect,  is the surface tension of liquid and L is the capillary length. Therefore, from equation (6), (7) and (8) 
Since there is no axially applied electric field, the total ionic current must vanish ( 0 ionic I  ) 5 which leads us to the form of the induced streaming potential given as (from Eq. 5): 0  2  2  2  2  2  0  0  0  2  2  2  0  0  2  2 2 2  0  2 
